


NASA TT F-468 

METABOLIC RATE AND LONGEVITY OF DROSOPHILA 

I. INTRODUCTORY REMARKS AND REVIEW OF THE LITERATURE 

By A. P. Shcherbakov 

Translation of "Intensivnost' obmena i prodolzhitel'nost' zhizni 
Drosophila. I. Vvodnyye zamechaniya i obzor literatury." 

Arkhiv Biologicheskikh Nauk, 
Vol. 38, NO. 3, pp. 639-650, 1935 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sa le  by the Clearinghouse for Federal  Scientific and Technical  Information 
Springfield, Virginia 22151 - CFSTI price $3.00 



I 
I 
I 
I 

' I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION P O S T A G E  4ND F E E S  P A I D  

WASHINGTON. D.C. 20546 N A T I O N A L  A E R O N A U T I C S  n S P A C E  A D M I N I S T R A T I O N  

O F F I C I A L  B U S I N E S S  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON, D.C. 20546 
CODE USS-T 

N A S A  T T F  No. -1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL TRANSLATION EVALUATION 
ro: 

THIS PUBLICATION (Check one or more) 

Budget Bureau N o .  104-R037 

Approval  E x p i r e s :  Sept .  3 0 ,  I 9 6 9  

NASA T T F  NO. 

C 1 FURNISHED V A L U A B L E  NEW D A T A  OR A N E W  A P P R O A C H  T O  R E S E A R C H .  

r-1 JERIFIED INFORMATION A V A I L A B L E  FROM O T H E R  SOURCES.  

7 -  1- FURNISHED INTERESTING BACKGROUND INFORMATION.  

C-1 OTHER ( E x p l a i n ) :  

FOLD LINE FOLD LINE 

TRANSLATION TEXT (Check one) 

- - - - - _ _ _ _ _ _ - _ _ _ _  _ _ _ _ _ _ _ _ _  - - - - _  - - -  

1 I I S  T E C H N I C A L L Y  A C C U R A T E  

1 .  ] I S  S U F F I C I E N T L Y  A C C U R A T E  FOR OUR PURPOSE. 

1 -  1 I S  SATISFACTORY,  B U T  CONTAINS MINOR ERRORS. 

1 1 I S  UNSATISFACTORY BECAUSE O F  (Check one or more): 

I 1 POOR TERMINOLOGY.  

[I I I N C O M P L E T E  TRANSLATION 

[--I N U M E RI C A L I N A CC U R A C I E S.  

I ~1 I L L E G I B L E  SYMBOLS. T A B U L A T I O N S ,  
O R  CURVES 

[- ] O T H E R  (Expla in) :  

REMARKS 

FROM D A T E  

NOTE! 

NASA Form 1332 A U G  6 6  

REMOVE THIS S H E E T  FROM T H E  P U B L I C A T I O N ,  F O L D  AS I N D I C A T E D ,  S T A P L E  OR T A P E ,  ANDMAIL. 
NO POSTAGE NECESSARY. 

G P O  915.7 

I 
I 

‘ I  
I 
I ‘  

I . -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 

- -  

‘ 5  
I U  
I 
I 
I 

I 

I 
I 



METABOLIC RATE AND LONGEVITY OF DROSOPHILA. 
I. INTRODUCTORY REMARKS AND REVIEW OF THE LITERATURE 

1 A. P. Shcherbakov 

Summarizing the material regarding the duration of 
life and the metabolism in Drosophila melanogaster, the 
author concludes that all the existing material supports 
the theoretical concepts laid down by Rubner and developed 
further by E. Bauer. 

Rubner's constant for normal (wild) Drosophila mela- 
nogaster equals approximately 8.7 mg of C02 per milligram 

of weight. 
kilogram of weight, assuming RQ=O. 85. 

This corresponds to 2 . 5 ~ 1 0 ~  calories per 1 

Rubner's constant may change with -the change of the 
hereditary constitution of the fly. The mutation vestigial, 
the life of which is shorter and the metabolism is not 
higher but probably even lower than normal, may serve as an 
examp 1 e. 

From the fact that the constant proved the same at 
different temperatures (table IV) it follows that within 
the limits of a certain temperature range (physiologic 
limits), the longevity is in inverse proportion to the rate 
of the metabolism, other conditions being equal. 

The difference in longevity between males and females 
is related to differences of the metabolism in inverse or- 
der. Rubner's constant therefore proves t o  be the same in 
both sexes. There are reasons to believe that this is 
only a single instance of a general rule which holds true 
for many organisms. 

At present there is agreement among investigators of longevity that there /639* 
is an association between longevity and the rate of metabolism. 
of this association was determined quitle a long tine ago by Rubner (ref. 1). 
While studying metabolism in different mammals he found that there was a dif- 
ference in metabolic rate (per unit weight) which became larger the smaller the 
animal. However, when a calculation was made of the metabolism per unit weight 
of the animal during the entire life, a rather constant quantity was obtained 

(apprbximately 3 . 5 ~ 1 0 ~  cal). 
termined by some activity factor which can be measured by metabolism and which, 
when exhausted, leads to death. 

The existence 

From this Rubner concluded that longevity is de- 

This can be illustrated in the following 
manner: 
%Numbers given in margin indicate pagination in original foreign text. 
IDepartment of Biology of All-Union Institute of Experimental Medicine. 



metabolism b a s i c  weight (pe r  day)Xlongevity ( i n  days)=$. 

where K i s  some constant .  

Rubner' s viewpoint w a s  widely accepted by subsequent i n v e s t i g a t o r s .  Thus 
Pearl  e t  a 1  ( r e f s .  2 and 3) c a r r i e d  out a l a r g e  s e r i e s  of experimental  works on 
t h e  study of longevity i n  Drosophila melanogaster and came t o  a conclusion 
c l o s e  t o  t h a t  of Rubner. He assumes t h a t  t h e  f i r s t  f a c t o r  i n  determining the  
longevi ty  of some organism i s  t h e  h e r e d i t a r y  c o n s t i t u t i o n  which determines t h e  
t o t a l  sum of a c t i v i t y  which can be exh ib i t ed  by t h e  organism and the second i s  
t h e  metabol ic  r a t e  (metabolism). I n  connection with t h i s ,  by analyzing t h e  e f -  
f e c t  of e x t e r n a l  cond i t ions  on longevi ty ,  P e a r l  reaches t h e  conclusion t h a t  t h e  
a c t i o n  of t h e s e  cond i t ions  i s  f r equen t ly  achieved through a v a r i a t i o n  i n  t h e  
metabol ic  r a t e .  Below we s h a l l  r e t u r n  t o  some of t h e  works performed by t h e  
P e a r l  school.  

The r e s u l t s  of e x c e l l e n t  work c a r r i e d  ou t  by MacArthur and B a i l l i e  ( r e f .  4 )  on 
Daphnia magna are i n  complete agreement wi th  t h e  Rubner theory.  The a u t h o r s  
themselves a r e  d e f i n i t e l y  i n  f avor  of t h e  metabol ic  theory f o r  longevi ty .  

Recently E. S. Bauer ( r e f .  5) formulated t h e  same law wi th  a more d e f i n i -  
t i v e  and t h e o r e t i c a l  b a s i s .  Proceeding from h i s  gene ra l  b i o l o g i c a l  concepts,  
Bauer has  shown t h a t  animal organisms m u s t  con ta in  a s s i m i l a t i o n  l i m i t s ,  i . e . ,  
a growth l i m i t ,  and t h a t  t h e  n e c e s s i t y  f o r  such a l i m i t  i s  determined by the  
s p e c i f i c  c h a r a c t e r i s t i c s  of l i v i n g  ma t t e r .  I n  each s p e c i f i c  case t h i s  ass imi-  
l a t i o n  l i m i t  (measured i n  terms of t h e  l i m i t i n g  weight achieved by an organism) 
i s  determined by the h e r e d i t a r y  p e c u l i a r i t i e s  of a s p e c i f i c  organism. Longev- 
i t y ,  according t o  Bauer, proves t o  be p ropor t iona l  t o  t h e  a s s i m i l a t i o n  l i m i t  
and inve r se ly  p ropor t iona l  t o  t h e  r a t e  of v i t a l  a c t i v i t y .  I f  we t ake  t h e  en- 
t i r e  weight of an organism f o r  expressing t h e  a s s i m i l a t i o n  l i m i t  and the  mag- 
n i t u d e  of metabolism f o r  t he  r a t e  of v i t a l  a c t i v i t y ,  we o b t a i n  the  fol lowing 
expression 

/640 

weight 
longevity ( i n  days)=K metabolism per  day. 

It i s  easy t o  
c a l l y  i s  i d e n t i c a l  
b a s i s  of ex tens ive  

note  t h a t  t he  r e l a t i o n s h i p  which Bauer obtained t h e o r e t i -  
t o  t h e  one which Rubner e s t a b l i s h e d  e m p i r i c a l l y  on t h e  
d a t a  on m a m m a l s .  The cons t an t  K i n  t h e  Rubner equa t ion  cor-  

responds t o  t h e  p r o p o r t i o n a l i t y  f a c t o r  i n  t h e  Bauer expres s ion  and was c a l l e d  
the  "Rubner constant"  by t h e  l a t t e r .  Thus t h e  Rubner cons t an t  i s  t h e  product 
of metabolic rate and the  longevi ty  computed f o r  u n i t  weight ( f o r  example, one 
kg),  o r  i n  o the r  words, t h i s  i s  t h e  t o t a l  q u a n t i t y  of energy which i s  con- 
v e r t e d  by a u n i t  mass of organism dur ing  i t s  e n t i r e  l i f e .  

A s  shown by Bauer, t he  magnitude of t h e  cons t an t  i s  approximately the  same 
f o r  r e p r e s e n t a t i v e s  of each sys t ema t i c  group ( type)  of animals but v a r i e s  i n  a 
r e g u l a r  fashion when we go from one type t o  ano the r .  I n  g e n e r a l  t h e  cons t an t  
is higher  f o r  higher  organisms of a given type  and beginning w i t h  a va lue  of 

5 6x10 c a l  f o r  Coelenterata ,  i t  reaches a va lue  of 3x10 c a l  i n  Ver t eb ra t a  (more 
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p r e c i s e l y ,  i n  m a m m a l s ) .  W e  should no te  t h a t  t he  c a l c u l a t i o n s  were c a r r i e d  out  
f o r  a very l imi t ed  number of r e p r e s e n t a t i v e s  and on t h e  b a s i s  of d a t a  which are 
open to many ob jec t ions .  The d e a r t h  of exact  information on t h e  longevi ty  and 
metabolism, p a r t i c u l a r l y  f o r  i n v e r t e b r a t a ,  makes i t  impossible  a t  t h i s  time t o  
make a broader check on t h e  evo lu t ion  s i d e  of t h e  problem a s s o c i a t e d  wi th  t h e  
Rubner constant .  One of t h e  problems of t h e  p re sen t  series of works w i t h  
Drosophila is  p r e c i s e l y  the  c l a r i f i c a t i o n  of t h e  va lue  of t h i s  constant  f o r  
d i f f e r e n t  forms of t h i s  f l y .  

Another problem which w e  are concerned with i n  t h i s  s e r i e s  of experiments 
c o n s i s t s  of determining what happens t o  t h e  Rubner constant  f o r  a given organ- 
i s m  when we sub jec t  i t  t o  va r ious  r e a c t i o n s  both during i t s  per iod of develop- 
ment and du r ing  i t s  a d u l t  l i f e .  Does t h i s  constant  remain i n v a r i a b l e ?  I f  i t  
v a r i e s ,  how does i t  vary and under what cond i t ions?  

The s e l e c t i o n  of t h e  Drosophila type f l i e s  a s  specimens was d i c t a t e d  by 
two cons ide ra t ions .  I n  t h e  f i r s t  p l ace  t h i s  i s  a specimen f o r  which t h e  tech-  
nique of l abora to ry  breeding and housing i n  mass q u a n t i t i e s  ha5 been developed 
t o  a high s t a t e  of p e r f e c t i o n ,  p a r t i c u l a r l y  a s  i t  a p p l i e s  t o  t h e  determinat ion 
of longevi ty .  I n  the  second place,  Drosophila has a r e l a t i v e l y  s h o r t  l i f e t i m e  
which i s  measured i n  t e r m s  of weeks and seldom i n  t e r m s  of months. This ,  of 
course,  i s  a n  obvious advantage.  The determinat ion of metabol ic  rate i n  t h e s e  
f l i e s  does no t  pose g r e a t  d i f f i c u l t i e s .  

We should point  ou t  immediately t h a t  when w e  speak of longevi ty  i n  t h e  
f u t u r e  we mean t h e  average longevi ty  determined by t ak ing  i n t o  account t h e  
n a t u r a l  e x t i n c t i o n  of a s u f f i c i e n t l y  l a r g e  group of f l i e s  maintained under 
homogeneous cond i t ions .  The longevi ty  of s p e c i f i c  i n d i v i d u a l s  v a r i e s  over a 
wide range because f l i e s  a l r eady  begin t o  d i e  on t h e  day fol lowing t h e i r  hatch- 
i ng .  The metabol ic  rate i s  determined by recording r e s p i r a t i o n .  During t h i s  
t i m e  t h e  f l i e s  a r e  i n  an a c t i v e  s ta te  and metabolism corresponds t o  a c t i v e  
metabolism. Obviously i t  has nothing i n  common w i t h  basa l  metabolism which i s  
u s u a l l y  s t u d i e d  i n  t h e  physiology of higher  animals.  It should be borne i n  
mind t h a t  t h e  r e s p i r a t i o n  of such a c t i v e  f l i e s  v a r i e s  considerably among exper- 
i m e n t s a n d t h e  spread i n  i t s  va lue  i s  100 percent o r  more. This again makes i t  
necessary t o  t a k e  t h e  average q u a n t i t y  of a l a r g e  number of determinat ions and 
t o  process  t h e  r e s u l t s  s t a t i s t i c a l l y .  The d e t a i l s  of t h e  methodology w i l l  be 
concerned s p e c i f i c a l l y  with t h e  r e s u l t s  of t h e  experimental  work. 

A r a t h e r  l a r g e  number of works i s  devoted p r e c i s e l y  t o  t h e  longevi ty  of 
Drosophila.  
r i e d  ou t  t o  a much lesser e x t e n t .  

The i n v e s t i g a t i o n  of metabolism i n  these  organisms has  been car-  

L e t  u s  cons ide r  f i r s t  of a l l  t h e  works of P e a r l  and h i s  coworkers ( r e f s .  /641 
6 ,  7 and 8) on the  average longevi ty  of Drosophila melanogaster l i n e s  w i t h  d i f -  
fereqt h e r e d i t a r y  cons t ruc t ion .  A comparison of longevi ty  under i d e n t i c a l  con- 
d i t i o n s  f o r  normal f l i e s  ( t h e  au tho r s  cal l  them t h e  wild t y p e )  and f o r  f l i e s  
w i t h  some mutat ion o r  w i t h  complex mutation has  shown t h a t  a l l  i n v e s t i g a t e d  
muta t ions  ( i f  they are a t  a l l  e f f e c t i v e )  lead t o  a decrease i n  longevi ty  com- 
pared w i t h  normal l i n e s .  This r educ t ion  i n  longevi ty  i s  d i f f e r e n t  f o r  d i f f e r -  
e n t  mutat ions and i s  p a r t i c u l a r l y  pronounced f o r  t h e  v e s t i g i a l  mutation (under- 
developed wings). Whereas t h e  average longevity f o r  normal l i n e s  according t o  

3 



Pearl  i s  equal  t o  45 days,  t he  corresponding q u a n t i t y  f o r  t he  v e s t i g i a l  l i n e  i s  
approximately 20 days,  i . e . ,  i t  i s  reduced i n  ha l f  (t=25OC). The d i f f e r e n c e  
between normal and v e s t i g i a l  f l i e s  i s  manifested not  only i n  t h e  average lon- 
gev i ty  but  i n  t h e  n a t u r e  of t h e  e x t i n c t i o n  i t s e l f .  The e x t i n c t i o n  curve f o r  
normal f l i e s  has a S-shaped form, i . e . ,  a t  f i r s t  t h e  number of dying f l i e s  i s  
s m a l l  and t h e  curve has  a s m a l l  s l ope ;  m o r t a l i t y  i n c r e a s e s  with age and the  
curve drops more s t e e p l y ;  o l d e r  f l i e s  are again cha rac t e r i zed  by r e t a rded  ex- 
t i n c t i o n  and f i n a l l y  t h e  curve aga in  becomes f l a t  and slowly approaches t h e  
a x i s .  I n  t h e  e x t i n c t i o n  curve f o r  t h e  v e s t i g i a l  f l i e s  t h e  S-shape form i s  
smoothed out and t h e  e n t i r e  curve approaches a s t r a i g h t  l i n e .  P e a r l  c ros s -  
bred normal and v e s t i g i a l  f l i e s  and i n  a d d i t i o n  t o  t h e  usua l  he red i ty  p i c t u r e  
a s soc ia t ed  wi th  t h i s  mutation (disappearance i n  the  f i r s t  gene ra t ion  and oC- 

currence i n  one-fourth i n d i v i d u a l s  of t h e  second) d i f f e r e n t  longevi ty  was a l s o  
i n h e r i t e d .  
determine longevi ty ,  but m e r e l y  point  out t h a t  t h e  na tu re  of t h e  i n h e r i t e d  
c o n s t i t u t i o n  of v e s t i g i a l  f l i e s  a l s o  inc ludes  a dec rease  i n  the  longevi ty  of 
f l i e s  compared with the  normal longevi ty .  

Of course t h e s e  d a t a  do not i n d i c a t e  t h a t  s p e c i a l  genes e x i s t  which 

The comparison of normal and v e s t i g i a l  f l i e s  has been t h e  s u b j e c t  of a 
series of i n v e s t i g a t i o n s .  F i r s t  of a l l  P e a r l  ( r e f .  9) s tud ied  longevi ty  du r ing  
complete s t a r v a t i o n  and e s t a b l i s h e d  t h a t  both types of f l i e s  l i v e  i n  an i d e n t i -  
c a l  manner and the  e x t i n c t i o n  curves a r e  a l s o  s i m i l a r .  It turned out f u r t h e r  
t h a t  the e x t e n t i o n  curve of normal f l i e s  becomes very s imi la r  t o  t h e  curve f o r  
v e s t i g i a l  f l i e s  when t h e  maintenance cond i t ions  d e t e r i o r a t e .  .From t h e s e  f a c t s  
P e a r l  concluded t h a t  d i f f e r e n t  longevi ty  i n  normal f l i e s  and i n  v e s t i g i a l  f l i e s  
i s  explained not  by t h e  h e r e d i t a r y  d i f f e r e n c e s  and longevi ty  but r a t h e r  simply 
by t h e  f a c t  t h a t  t h e  usual  l abora to ry  c u l t u r e  cond i t ions  (poss ib ly  n u t r i t i o n )  
which a r e  f avorab le  f o r  normal f l i e s  t u r n  out  t o  be unfavorable  f o r  v e s t i g i a l  
f l i e s .  I f  t h e  same b e n e f i c i a l  cond i t ions  were c rea t ed  f o r  t h e  l a t t e r ,  t h e  
average longevity would be t h e  same. 
f i c u l t  t o  exp la in  a r a t h e r  l a r g e  d i f f e r e n c e  i n  longevi ty  of t h e s e  two types of 
f l i e s  by t h e  cond i t ions  of t h e  c u l t u r e .  The behavior of v e s t i g i a l  f l i e s  under 
l abora to ry  cond i t ions  does not i n d i c a t e  i n  any way t h a t  t h e  usua l  cond i t ions  
f o r  t h e  laboratory c u l t u r e  a r e  unfavorable .  It would be more n a t u r a l  t o  assume 
t h a t  t h e  decrease i n  longevi ty  i s  due t o  the  gene ra l  weakening of t h e  i n h e r i t e d  
c o n s t i t u t i o n .  I n  t h i s  connection t h e  experiments of Sekla ( r e f .  10) a r e  of 
i n t e r e s t .  This  author  i n v e s t i g a t e d  t h e  e f f e c t  of a l coho l  on t h e  longevi ty  of 
normal and v e s t i g i a l  f l i e s  under c o n d i t i o n s  of s t a r v a t i o n .  
placed i n t o  t e s t  tubes without  food. The c o t t o n  plug i n  each tes t  tube had a 
shoot extending i n s i d e .  
s t r e n g t h s  and i n  c o n t r o l  t e s t  tubes i t  w a s  wet ted w i t h  wa te r .  The r e s u l t s  of 
t h e s e  experiments a r e  shown i n  t a b l e  1. 

However, i t  appears  t o  us  t h a t  i t  i s  d i f -  

The f l i e s  were 

This  shoot was wet ted wi th  a l c o h o l  of d i f f e r e n t  

Alcohol i n  c e r t a i n  concen t r a t ions  i n c r e a s e s  longevi ty  compared with t h e  
case of complete s t a r v a t i o n .  
t a i n  degree by the  f l i e s  a s  a n u t r i e n t .  The most i n t e r e s t i n g  f e a t u r e  i s  t h a t  
even t h i s  i n s i g n i f i c a n t  improvement i n  n u t r i t i o n  c o n d i t i o n s  i s  enough t o  pro- 
v i d e  f o r  a d i f f e r e n c e  i n  t h e  longevi ty  of normal and v e s t i g i a l  f l i e s .  I n  t h e  
experiments conducted with water  and with a l c o h o l  i n  low concen t r a t ions ,  t h e  
s u r v i v a l  of both groups i s  the  same; f o r  high a l c o h o l  concen t r a t ions  w e  can see 
t h a t  normal f l i e s  exce l  v e s t i g i a l  f l i e s .  This  suppor t s  t h e  viewpoint t h a t  under 

Apparently t h e  a l c o h o l  can be u t i l i z e d  t o  a cer- 
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% a lcoho l  0.5 

Normal f l i e s  3.6 
Ves t ig i a  1 3.6 

I n  a d d i t i o n  t o  comparative d a t a  on the longevi ty  of t h e s e  two types,  d a t a  
are a l s o  a v a i l a b l e  on t h e  metabol ic  r a t e .  Sekla ( r e f .  11) i n v e s t i g a t e d  t h e  
enzymatic a c t i v i t y  of f l y  e x t r a c t s  ground wi th  sand, and showed t h a t  e x t r a c t s  
from v e s t i g i a l  f l i e s  have a smaller  enzymatic a c t i v i t y  than e x t r a c t s  from normal 
f l i e s .  This d i f f e r e n c e  w a s  observed w i t h  p a r t i c u l a r  c l a r i t y  i n  t h e  case of t h e  
l i p o l y t i c  enzyme when s tudying t h e  breakdown of t r i b u t y r i n .  These d a t a ,  a l -  
though they are i n d i r e c t ,  point  t o  a lower ra te  of b i o l o g i c a l  processes  i n  t h e  
organism of v e s t i g i a l  f l i e s .  Sekla ( r e f .  12) a l s o  i n v e s t i g a t e d  the  metabol ic  
rate d i r e c t l y .  It i s  t r u e  t h a t  h i s  experiments w e r e  appa ren t ly  q u i t e  few, but 
n e v e r t h e l e s s  i t  was c lear ly  noted t h a t  t he  r e s p i r a t i o n  of v e s t i g i a l  f l i e s  w a s  
weaker than  t h a t  of normal f l i e s .  Thus we can conclude from a l l  t h e s e  d a t a  
t h a t  l ongev i ty  a s  w e l l  a s  metabol ic  r a t e  and, consequently t h e  product of t h e s e  
two q u a n t i t i e s ,  w i l l  be s u b s t a n t i a l l y  less i n  v e s t i g i a l  f l i e s  than i n  normal 
f l i e s .  There i s  no d i f f e r e n c e  i n  t h e  s i z e  of t h e s e  two f l i e s ,  and t h e r e f o r e  
t h e  Rubner cons t an t  f o r  v e s t i g i a l  f l i e s  w i l l  obviously be sma l l e r  t han  f o r  nor- 
m a l  f l i e s .  

2 5 7.5 10 15 20 30 

5 .0  8 . 3  7.8 6.2 5.5 4.0 1.3 
5 .2  7.5 6 . 0  5.3 4.8 1.2 0.5 

A series of works has been devoted t o  t h e  i n v e s t i g a t i o n  of longevi ty  and 
metabolism i n  Drosophila a t  v a r i o u s  temperatures.  The f i r s t  of t h e s e  i s  t h e  
r a t h e r  o l d  work of Loeb and Northrop (ref. 13) on t h e  e f f e c t  of food and tem- 
p e r a t u r e  on a l l  t h r e e  s t a g e s  of f l y  l i f e :  l a r v a l ,  pupal and imago. The works 
s u f f e r  from a series of shortcomings. 
of t h e  Mechnikov viewpoint deemed i t  necessary t o  work wi th  s t e r i l e  f l i e s .  A t  
t h a t  t i m e  t h e  p o s s i b i l i t y  of ob ta in ing  s te r i le  l i n e s  of Drosophila had a l r eady  
been shown i n  t h e  works of Delecourt  and Guyenot ( r e f .  14) .  To s impl i fy  t h e i r  
work Loeb and Norton used "glucose-agar' '  a s  a form of food. 
complex substance c o n s i s t i n g  of m e a t  boui l lon,  peptone, glucose and agar-agar  
but w i thou t  any y e a s t .  This food had the  advantage t h a t ,  because of t h e  ab- 
sence of y e a s t ,  l a r v a  d i d  not develop i n  i t  whi l e  a d u l t  t l i e s  could s i lb s l s t .  
A s  a r e s u l t  of t h i s ,  f r equen t  changes of food were not necessary and t h e  main- 
tenance of s te r i le  cond i t ions  was made easy. By using only one small  compara- 
t i v e  series which w a s  conducted a t  a very h igh  temperature (30°C), t h e  au tho r s  
concluded t h a t  t h e  longevi ty  of a d u l t  f l i e s  i s  t h e  same r e g a r d l e s s  of whether 
t h e i r  food con ta ins  y e a s t  o r  not .  
e f f e c t  on f l i e s  and a s  subsequently shown by Alpatov ( r e f .  15) t h e  longevi ty  
wi thou t  y e a s t  i s  almost ha l f  t h a t  of the longevi ty  when yeast  i s  used i n  t h e  
food. Also t h e  f a c t  t h a t  t h e  ex i s t ence  of t h e s e  s t e r i l e  f l i e s  was no t  normal 
may be e s t a b l i s h e d  from t h e  progressive dec rease  i n  the longevi ty  of subsequent 
g e n e r a t i o n s .  Thus i n  1926, Northrop (Ref. 18) noted t h a t  f o r  195-205 genera- 
t i o n s  of t h e s e  s t e r i l e  f l i e s ,  t h e r e  i s  a p rogres s ive  decrease i n  longevi ty  of 

The a u t h o r s  who were under t h e  in f luence  

This i s  a r a t h e r  

However, t h e  absence of yeast  has  a bad 
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t h e s e  c u l t u r e s ,  p a r t i c u l a r l y  a t  low temperatures.  The low longevi ty  i n  the  ex- 
periments of Loeb and Northrop can be c l e a r l y  seen when they a r e  compared with 
d a t a  obtained l a t e r  by Pea r l ,  who used a conventional n e u t r a l  n u t r i e n t .  The 

d a t a  of Pea r l  a r e  based oxi a very l a r g e  amount of experimental  work. 

/643 
1 

A second shortcoming of the work i s  t h e  r a t h e r  small  amount of material 
on ind iv idua l  s e r i e s .  With t h e  very l a r g e  v a r i a t i o n  i n  longevi ty  i t  i s  neces- 
s a r y  t o  have a t  l e a s t  s e v e r a l  hundred specimens t o  ge t  an idea  about t h e  aver- 
age quan t i ty .  I n  t h e  works of Loeb and Northrop t h e r e  i s  a case when t h e  num- 
b e r  of specimens i n  a s e r i e s  does not exceed 50. Also, t h e r e  i s  no breakdown 
by sex. 

I n  s p i t e  of t hese  shortcomings the  work s t i l l  r e p r e s e n t s  t he  only one 
which covers such a wide range of temperatures  and a l l  s t a g e s  of t h e  organism's  
l i f e .  The b a s i c  r e s u l t s  a r e  presented i n  t a b l e  2. 

A l l  of t he  f l i e s  which were used t o  determine the  longevi ty  of imago were 
developed a t  room temperature (18-2OOC) and were d i s t r i b u t e d  i n t o  d i f f e r e n t  
t empera tu res  only a f t e r  they emerged from t h e  cocoons. A t  a temperature of 
10°C t h e  l a r v a  developed, a l though r a t h e r  slowly, and formed cocoons. However 

TABLE 2. THE LONGEVITY OF DROSOPHILA MELANOGASTER AT VARIOUS 
TEMPERATURES WITHOUT DIFFERENTIATION I N  SEX 

I 

Temperature 3 Larval s t a g e  
O C  

I 
10 
15 
20 
25 
27.5 
30 

57.0 
17.8 

7 . 7 7  
5.82 

(4.15) 
4.12 

'In one of h i s  books, Pea r l  ( r e f .  

Longevity i n  days 

Pupal s t a g e  Adult f l i e s  

Cocoons 
p e r i s h  120.5 

13.7 92.5 
6.33 40.2 
4.23 28.5 
3.20 - -  
3.43 13.6 

To ta l  
1 ongevi t y  

1 7 7 . 5  
123.9 
54.3 
38.5 

21.15 
- -  

~ 

2 )  compares h i s  d a t a  w i t h  t h e  d a t a  of o t h e r  
i n v e s t i g a t o r s  and i n  ca r ry ing  out t he  comparison t a k e s  t h e  average longevi ty  
obtained i n  h i s  work inc lud ing  v a r i o u s  mutat ions w i t h  decreased longevi ty .  
However, i t  seems t o  u s  t h a t  i t  would be more a c c u r a t e  t o  t a k e  t h i s  v a l u e  f o r  
a normal l i n e  because i t  i s  doub t fu l  t h a t  Loeb and Northrop were a b l e  t o  ob- 
t a i n  such mutations as v e s t i g i a l  i n  t h e i r  work. 

The longevity of imago Drosophila melanogaster  a t  25' i n  days (without 
d i f f e r e n t i a t i o n  i n  sex) i s  a s  fol lows:  

Loeb and Northrop ...... 28.5 
Pea r l .  ................. 45.0 
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cocoons per ished a t  t h i s  temperature and adu l t  f l i e s  d i d  not emerge from them. 
Temperatures beyond t h e  limits ind ica t ed  i n  t a b l e  2 were a l s o  used and i n  t h i s  
case i t  turned out  t h a t  a temperature of 5OC i s  q u i t e  harmful f o r  a d u l t  f l i e s  
s i n c e  t h e i r  longevi ty  i s  less than a week, whereas a t  10°C i t  i s  equal  t o  120 
days.  The temperature of 30° i s  t h e  upper l i m i t  and a t  higher  temperatures  the  
development of l a r v a  i s  r e t a r d e d  and t h e r e  i s  a r ap id  decrease i n  t h e  longevi ty  
of imago. 
p e r a t u r e  range f o r  t h e  normal l i f e  of Drosophila i s  from 15O, o r  s l i g h t l y  
lower, t o  3OoC. The temperature of 3OoC i s  appa ren t ly  t o o  high s i n c e ,  a t  t h i s  
temperature,  t h e  f l i e s  are sometimes barren.  Within t h i s  range of temperature,  
longevi ty ,  both of i n d i v i d u a l  s t a g e s  and t o t a l  longevi ty ,  v a r i e s  i n v e r s e l y  w i t h  
t h e  temperature:  t h e  h ighe r  t h e  temperature,  t h e  s h o r t e r  t h e  longevi ty;  t h e  
lower t h e  temperature,  t h e  g r e a t e r  t h e  longevity.  

Based on t h e  d a t a  of Loeb and Northrop we may assume t h a t  t h e  t e m -  

The b a s i c  purpose of t h e  work c a r r i e d  out by Loeb and Northrop w a s  t o  de- /644 
termine t h e  temperature c o e f f i c i e n t s  of longevi ty .  This aspect of t h e  problem 
i s  of no p a r t i c u l a r  i n t e r e s t  t o  u s  a t  t h i s  t i m e  because w e  no longer f e e l  t h a t  
t h e  mere de te rmina t ion  of temperature c o e f f i c i e n t s  and t h e i r  comparison wi th  
c o e f f i c i e n t s  f o r  chemical r e a c t i o n s  i s  t h e  c o r r e c t  pa th  f o r  dec iphe r ing  biolog-  
i c a l  phenomena. This i s  p a r t i c u l a r l y  t r u e  because we must s t r a i n  our imagina- 
t i o n  q u i t e  hard t o  acknowledge t h e  ex i s t ence  of a d e f i n i t e  c o e f f i c i e n t  consid- 
e r i n g  t h a t  i t s  va lue  a t  d i f f e r e n t  temperatures v a r i e s  from 1.8 t o  5.3 as 
e s t a b l i s h e d  by Loeb and Northrop. 
of t h e  au tho r s  concerning reasons which govern t h e  longevi ty:  
t h e  temperature c o e f f i c i e n t  f o r  longevi ty  makes i t  poss ib l e  f o r  us  t o  assume 
t h a t  t h i s  longevi ty  i s  determined e i t h e r  by t h e  product ion of material  leading 
t o  aging and n a t u r a l  dea th  o r  t h e  d e s t r u c t i o n  of material which normally pre- 
v e n t s  aging and n a t u r a l  death." Thus Loeb and Northrop, i n  concurrence w i t h  
gene ra l  i d e a s ,  had a tendency of consider ing t h e  a c t i o n  of temperature  on lon- 
gev i ty  as t h e  a c c e l e r a t i o n  and d e c e l e r a t i o n  of some d e f i n i t e ,  a l though hypo- 
t h e t i c a l ,  chemical r e a c t i o n  i n  t h e  organism. 

Nevertheless w e  s h a l l  present  t he  viewpoints  
"Observations on 

This  s i m p l i f i e d  concept could not  s a t i s f y  b i o l o g i s t s  who d i d  not adhere t o  
such phys ica l  and chemical concepts of the v i t a l  processes  as  Loeb and Northrop. 
Only a few y e a r s  l a te r  P e a r l  ( r e f .  2) w a s  i n c l i n e d  t o  e x p l a i n  t h e  same d a t a  on 
t h e  v a r i a t i o n  i n  t h e  longevi ty  of Drosophila w i th  temperature changes by an 
i n c r e a s e  i n  t o t a l  metabolism a t  e l eva ted  temperatures  and by i t s  dec rease  a t  
lower temperatures .  This  i n c r e a s e  i n  metabolism has  i t s  e x t e r n a l  man i fe s t a t ion  
i n  high a c t i v i t y  of t h e  f l i e s  compared with t h e i r  a c t i v i t y  a t  lower tempera- 
t u r e s .  The e f f e c t  of low temperatures on longevi ty  i s  explained by a change 
i n  t h e  ra te  of l i v i n g  under t h e  a c t i o n  of temperature.  
t u r e  l e a d s  t o  t h e  a c c e l e r a t i o n  of l i f e ,  t o  t h e  a c c e l e r a t e d  d e p l e t i o n  of t h e  
o rgan i sm ' s  energy budget and a dec rease  i n  longevi ty .  
t u r e  works i n  t h e  oppos i t e  d i r e c t i o n .  
energy which an organism can convert  during i t s  e n t i r e  l i f e  i s  determined by 
h e r e d i t y .  
f e r e n t  h e r e d i t a r y  c o n s t i t u t i o n .  The e f f e c t  of e x t e r n a l  cond i t ions  (which of 
course are not of a l e t h a l  nature)  leads t o  an inc rease  o r  dec rease  i n  t h e  
v i t a l  processes  and consequently t o  a c c e l e r a t i o n  o r  d e c e l e r a t i o n  of energy 
p rocesses .  
him, h e r e d i t y  determines some t o t a l  quan t i ty  of v i t a l  a c t i v i t y  (measured by 

An i n c r e a s e  i n  tempera- 

The lowering of tempera- 
According t o  Pearl t h e  t o t a l  sum of 

This t o t a l  amount of energy may be d i f f e r e n t  f o r  organisms w i t h  d i f -  

Summarizing t h e  viewpoints of P e a r l  w e  can s ta te  t h a t  according t o  
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metabolism), which t h e  organism m u s t  e x h i b i t  i n  t he  course of i t s  l i f e  and the  
environment determines t h e  " r a t e "  a t  which t h i s  q u a n t i t y  of v i t a l  a c t i v i t y  i s  
depleted,  i . e . ,  i t  determines t h e  tempo of t h e  organism's l i f e .  When t h e  
he red i ty  f a c t o r  i s  the  same, longevi ty  w i l l  be inve r se ly  p ropor t iona l  t o  t h e  
ra te  of v i t a l  a c t i v i t y  (metabolism). 

2 8' 
d ?  

21.9 30.7 

26.3 

The e f f e c t  of temperature on t h e  longevity of Drosophila w a s  a l s o  i n v e s t i -  
gated i n  t h e  work of Alpatov and Pea r l  ( r e f .  16).  The au tho r s  experimented 
only with imago a t  t h r e e  temperatures:  18, 25 and 28OC. Comparative d a t a  on 
the  longevity of a d u l t  f l i e s  developed a t  d i f f e r e n t  temperatures  i s  of p a r t i c -  
u l a r  i n t e r e s t .  The rounded-off va lues  of average longevi ty  a r e  presented i n  
t a b l e  3. There were approximately 500 f l i e s  of each sex i n  each of t h e  exper- 
imental  s e r i e s .  

18' 
6 9  

35.0 65.3 

50.15 

I n  regard t o  the e f f e c t  of temperature on the  longevi ty  of a d u l t  f l i e s  
t hese  data  confirm the  obse rva t ions  of Loeb and Northrop: t h e  higher  t he  
temperature,  t h e  s h o r t e r  i s  t h e  average longevi ty .  

Average longevity 
f o r  both sexes 
combined 

Temperature during the development period a l s o  a f f e c t s  t h e  subsequent 
longevi ty  of a d u l t  f l i e s .  F l i e s  which a r e  developed a t  a low temperature 
(18'C) have a g r e a t e r  longevi ty  than f l i e s  which a r e  developed a t  a higher  t e m -  
pe ra tu re  (2BoC), even i n  t h e  case when they l i v e  under i d e n t i c a l  cond i t ions  /645 
i n  t h e i r  a d u l t  s t a t e .  The d i f f e r e n c e s  a r e  very pronounced du r ing  low tempera- 
t u r e  imago l i f e  and a r e  smoothed out a t  high temperatures.  We should bear  i n  
mind that f l i e s  which a r e  developed a t  1 8 O C  a r e  l a r g e r  than f l i e s  which have 
been developed a t  28'C. The au tho r s  i l l u s t r a t e  t h i s  by a s e r i e s  of examples, 
but un fo r tuna te ly  present  no d a t a  on e i t h e r  the t o t a l  dimensions of t h e  e n t i r e  
body o r  t h e  weight of t hese  two groups of f l i e s .  Therefore ,  i t  i s  d i f f i c u l t  
t o  imagine the  degree of d i f f e r e n c e ,  The f l i e s  developed a t  a high tempera- 
t u r e  (28OC) had a smaller  longevi ty  and a t  t he  same t i m e  were sma l l e r  than 
f l i e s  developed a t  a lower temperature (18oC). The ques t ion  a r i s e s  of whether 
t hese  d i f f e r e n t  f l y  s i z e s  have t h e  same Rubner cons t an t  o r  not?  A t  t he  present  
t i m e  w e  do not have d a t a  f o r  answering t h i s  ques t ion .  It i s  gene ra l ly  known 
t h a t  t h e  metabolic r a t e  i n  organisms i s  u s u a l l y  inve r se ly  p ropor t iona l  t o  t h e i r  
s i z e ,  i . e . ,  t h e  r a t e  i s  g r e a t e r  i n  small  organisms than i t  i s  i n  l a r g e  ones. 
This i s  t r u e  both f o r  mammals a s  w e l l  a s  f o r  a s e r i e s  of o t h e r  animals.  

57.05 

TABLE 3.  LONGEVITY OF DROSOPHIIA MEIANOGASTER IMAGO I N  DAYS 
AT DIFFERENT TEMPERATURES 

I 

28OC Development 
temperature 

Temperature of 
imago l i f e  

Average longevity 
43.5 70.6 f o r  each sex 

1 8 O C  

$ 
33.9 

25' 
slp -r 22.5 35.8 

29.15 

$ 
25.55 
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Recently t h e  same r e l a t i o n s h i p  between s i z e  and metabol ic  r a t e  was shown f o r  
c r a y f i s h  of t h e  Sorerod group by Shcherbakov ( r e f .  1 7 ) .  I n  a l l  t h e s e  cases  
t h e r e  i s  d i s c u s s i o n  of d i f f e r e n c e s  i n  the s i z e  between va r ious  form o r  breeds 
which a r e  due t o  h e r e d i t y .  On t h e  o t h e r  hand, i n  t h e  case of l a r g e  and small  
Drosophila obtained as a r e s u l t  of d i f f e r e n t  temperature  during development, w e  
a r e  speaking of phenotypic d i f f e r e n c e s .  Only s p e c i a l  i n v e s t i g a t i o n s  w i l l  show 
whether i n  t h i s  case too ,  t h e r e  i s  a d i f f e r e n c e  i n  t h e  metabol ic  r a t e .  The 
p o s s i b i l i t y  t h a t  i n  t h i s  case we a r e  dea l ing  with very complex r e l a t i o n s h i p s  i s  
seen from t h e  r e su l t s  of another  work by Alpatov ( r e f .  1 5 ) .  The au tho r  obtained 
f l i e s  from l a rvae  which were fed normally and from l a rvae  whose nourishment was 
inadequate.  The normally fed l a rvae  yielded f l i e s  of normal s i z e  while  t h e  un- 
dernourished l a r v a e  ( those  taken off t h e i r  feed a f t e r  59 hours and given only 
agar-agar)  produced f l i e s  of smaller  s i z e .  Here t h e r e  w a s  t h e  same r e l a t i o n -  
s h i p  as i n  t h e  preceding case but t h e  d i f f e r e n c e  i n  the  s i z e  of f l i e s  was 
achieved by a d i f f e r e n t  method. It turned out  t h a t  t h e  longevi ty  of l a r g e  
f l i e s  and of small f l i e s  obtained by the  undernourishment of l a rvae  w a s  t h e  
same. The average longevi ty  ( a t  25'C) i n  the case  of l a r g e  f l i e s  was 4 9 . 1  days 
f o r  females and 34.6 days f o r  males; t he  corresponding l o n g e v i t i e s  f o r  small 
f l i e s  were 48 .4  and 37.1  days. The d i f f e r e n c e s  a r e  small and l i e  w i t h i n  t h e  
l i m i t s  of e r r o r s .  Thus a cu r ious  p i c t u r e  a r i s e s . .  The d i f f e r e n c e s  i n  the  s i z e  
of Drosophila e i t h e r  a f f e c t  longevi ty  o r  do n o t ,  depending on t h e  method used 
t o  o b t a i n  t h i s  d i f f e r e n c e .  

I f  t h e  metabol ic  theory of longevi ty  i s  v a l i d  and i f ,  i n  p a r t i c u l a r ,  - I 6 4 6  
Drosophila has  a d i f f e r e n t  l i f e  d u r a t i o n  a t  d i f f e r e n t  temperatures,  because t h e  
same amount of energy i s  converted a t  a d i f f e r e n t  rate,  i t  fol lows t h a t  t h e  
metabolism of f l i e s  a t  d i f f e r e n t  temperature must have t h e  same va lue  du r ing  
t h e  e n t i r e  l i f e .  I n  o t h e r  words, t h e  product of metabol ic  r a t e  and longevi ty  
a t  d i f f e r e n t  temperatures  (within t h e  l i m i t s  of phys io log ica l  norms) m u s t  be 
t h e  same. 

A s p e c i a l  v e r i f i c a t i o n  of t h i s  p ropos i t i on  was c a r r i e d  out i n  one of t he  
works of Northrop ( r e f .  1 8 ) .  

melanogaster du r ing  i t s  e n t i r e  l i f e ,  i nc lud ing  t h e  period of l a rva  development, 
Northrop found t h a t ,  a t  d i f f e r e n t  development temperatures ,  t h i s  product ion of 
C02 does no t  remain constant  but i s  lower a t  a h ighe r  temperature than a t  a 

lower one. Thus one hundred f l i e s  during t h e i r  e n t i r e  l i f e  (with t h e  except ion 
c f  t he  cocoon per iod du r ing  which metabolism i s  very weak) a t  15' produce 440 
mg of C 0 2 ,  a t  26' they produce 272 mg, a t  30= they produce 246 mg while  a t  room 

temperature  (22-26O) they produce 411 mg of C02.  

t h a t  l ongev i ty  i s  not determined by t h e  t i m e  necessary f o r  t h e  formation of a 
cons t an t  q u a n t i t y  of C 0 2 .  I n  o t h e r  words, i f  we assume t h a t  t h e  formation of 

C02 i s  a measure of metabol ic  r a t e ,  then, when Drosophila i s  maintained a t  d i f -  

f e r e n t  temperatures  t h e  Rubner c o e f f i c i e n t  does not remain cons t an t .  However, 
t h e  methods used i n  Northrop 's  experiments w e r e  crude and the  number of expe r i -  
ments f o r  each i n d i v i d u a l  temperature was small  (not  more than 4 )  so t h a t  t h e  

By determining t h e  production of C02 by Drosophila 

From t h i s  Northrop concluded 
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experimental  r e s u l t s  va r i ed  considerably and t h e  average v a l u e s  determined from 
them are  not very r e l i a b l e .  We s h a l l  now p resen t  t he  r e s u l t s  of experiments 
c a r r i e d  out a t  26OC. I n  fou r  experiments the fol lowing va lues  were obtained 
f o r  C02 production i n  mg p e r  hundred f l i e s  f o r  t h e i r  e n t i r e  l i f e :  189, 110, 

260 and 210. With v a r i a t i o n s  of t h i s  o rde r  t h e  use of f o u r  experiments t o  ob- 
t a i n  average va lues  i s  q u i t e  i n s u f f i c i e n t .  We should bea r  i n  mind t h a t  i n  
Northrop' s experiments t h e  a b s o l u t e  va lue  of C02 product icq by Drosophila dur- 

i n g  the  e n t i r e  l i f e  i s  very small. This i s  explained by t h e  f a c t  t h a t  t h e  ex- 
periments were conducted using s t e r i l e  l i n e s  of Drosophila developed by Loeb 
and Northrop. By t h i s  time (195-205th generat ion)  t h e  average longevi ty  i n  
t h e s e  s te r i le  l i n e s  had decreased s u b s t a n t i a l l y  compared with t h e  i n i t i a l  one 
which i n  general  i s  normal f o r  t h e s e  f l i e s .  

The problem of longevi ty  and metabolism a t  d i f f e r e n t  temperatures  w a s  re- 
i n v e s t i g a t e d  by Shcherbakov ( r e f .  9 ) .  The experiments were l imi t ed  t o  t h e  
imaginal period and t o  two temperatures:  18 and 24OC. The l i b e r a t i o n  of C02 

w a s  taken i n t o  account f o r  t h e  n a t u r e  of metabol ic  r a t e .  There were twenty ex- 
periments i n  each s e r i e s .  Longevity was determined on the  b a s i s  of a l a r g e  
amount of information. The b a s i c  r e s u l t s  of t h i s  work are shown i n  t a b l e  4 .  

A s  we can see from t a b l e  4 ,  longevi ty  f o r  both sexes was g r e a t e r  a t  18' 
Judging by t h e  l i b e r a t i o n  of C02,  t h e  metabolism, on t h e  o t h e r  

/647 
than a t  24O. 

hand, was g r e a t e r  a t  24O. There i s  a q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  ex- 
t ens ion  of l i f e  and t h e  decrease i n  metabol ic  ra te :  longevi ty  i s  extended by 
t h e  same amount a s  t h e  metabolic r a t e  i s  decreased.  This  i n  p a r t i c u l a r ,  can be 
seen from the las t  column of t he  t a b l e .  The t o t a l  product ion of C02 du r ing  t h e  

e n t i r e  l i f e  a t  two d i f f e r e n t  temperatures  i s  t h e  same both f o r  males and f e -  
males. The computation of average e r r o r s  f o r  q u a n t i t i e s  presented i n  t h e  t a b l e  
show t h a t  the v a r i a t i o n s  from 8.2 t o  9.2 mg i n  C02 du r ing  t h e  e n t i r e  l i f e  l i e  

w i t h i n  t h e  range of v a r i a b i l i t y  a s s o c i a t e d  w i t h  t h e  s t a t i s t i c a l  n a t u r e  of t h e  
m a t e r i a l  and have no r e a l  meaning. Therefore ,  we have a l l  reason t o  assume 
t h a t  t h e  conclusions of Northrop a g a i n s t  t h e  metabol ic  theory f o r  t h e  longevi ty  
of l i f e  a r e  without b a s i s  and t h a t  t h e r e  i s  indeed a c h a r a c t e r i s t i c  va lue  of 
v i t a l  a c t i v i t y  f o r  Drosophila (measured i n  t e r m s  of metabolism), which remains 
constant  i n  s p i t e  of t h e  f a c t  t h a t  longevi ty  a t  d i f f e r e n t  temperatures  i s  d i f -  
f e r e n t .  O r ,  i n  o the r  words, n a t u r a l  dea th  occur s  a f t e r  t h e r e  i s  an apparent  
t ransformation of a d e f i n i t e  q u a n t i t y  of energy and longevi ty  depends on t h e  
r a t e  of t h i s  process .  

I f  w e  study i n  d e t a i l  t he  v a l u e s  of l ongev i ty  i n  t a b l e s  3 and 4 we can 
e a s i l y  see tha t  t h e r e  i s  a r e g u l a r  d i f f e r e n c e  between males and females.  On 
t h e  average, females l i v e  longer than  males. I n  t h e  experiments of Alpatov and 
Pea r l  ( t a b l e  3 ) ,  t hese  d i f f e r e n c e s  between t h e  sexes  were extremely pronounced. 
Thus, f o r  f l i e s  developed a t  28O and l i v i n g  a t  1 8 O ,  t h e  d i f f e r e n c e  was 30 days 
( t h e  females l ived 65.3 days while  t h e  males l i v e d  35.0 days.  However, such 
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Sex 

Females 
Males 
Females 
Males 

TABLE 4 .  THE TOTAL PRODUCTION OF C02 DURING THE ENTIRE 
LIFE OF DROSOPHILA MELANOGASTER 

Temperature , 
O C  

18 
18 
24 
24 

Longevity, 
days 

78.7 
7 3 . 1  
50.4 
48.8 

~~~~ 

Production of C02 
i n  one mg f o r  

one mg of l i v e  
weight per day 

~ ~~ ~~ ~ ~~ 

Total  Production of C02 i n  
mg per one mg of 

l i v i n g  weight du r ing  t h e  
e n t i r e  l i f e  

0.1107 
0.1118 
0.1731 
0.1877 

~~~ 

8.7 
8.2 
8.7 
9.2 

l a r g e  d i f f e r e n c e s  do no t  occur as a r u l e .  Usually t h e  average longevi ty  of 
males i s  smaller than  t h a t  of females by s e v e r a l  percent .  On t h e  b a s i s  of a 
l a r g e  amount of m a t e r i a l ,  P e a r l  assumes t h a t  t y p i c a l  va lue  f o r  t he  longevi ty  of 
Drosophila melanogaster i s  45.8 days f o r  males and 48.0 days f o r  females a t  
25OC. I n  t h e  f i r s t  works on t h e  longevity of Drosophila,  r e s u l t s  of an oppos i t e  
na tu re  were obtained.  I n  t h e  work of Loeb and Northrop mentioned above w e  f i n d  
the  statement t h a t  a t  30° t h e  males l ived  15.7 days while  t he  females l i ved  
13.3  days. The same s i t u a t i o n  was observed i n  t h e  experiments of Lutz ( r e f .  
2 0 ) .  This discrepancy can be explained by t h e  f a c t  t h a t  t he  g r e a t e r  longevi ty  
of females i s  exh ib i t ed  only under s u f f i c i e n t l y  f avorab le  environmental condi- 
t i o n s .  A s  cond i t ions  d e t e r i o r a t e ,  longevity dec reases  and i n  t h i s  case females 
s u f f e r  more than males so t h a t  t h e  d i f f e r e n c e s  betweenthe sexes d i sappea r s  and 
even becomes of a n  oppos i t e  na tu re .  I n  e a r l i e r  works on Drosophila t h e  condi- 
t i o n s  of c u l t i v a t i o n  were f a r  from optimum and t h i s  l ed ,  i n  t h e  f i r s t  place,  
t o  a gene ra l  dec reas ing  i n  longevity and i n  t h e  second place,  t o  t h e  d i s t o r t i o n  
of t h e  normal r e l a t i o n s h i p  i n  t h e  longevi ty  of sexes. 

The d i f f e r e n t  longevi ty  i n  females and male Drosophila i s  a p a r t i c u l a r  
case of a r a t h e r  common phenomenon. It has  been known f o r  a long t i m e  t h a t  
t h e r e  i s  a d i f f e r e n c e  i n  t h e  average longevity of sexes i n  man. The longevi ty  
i n  women i s  somewhat g r e a t e r  (on t h e  average by 6 percent)  than of men. Large 
longevi ty  w a s  d e t e c t e d  i n  the  females of Daphnia by the  experiments of MacArthur 
and B a i l l i e  ( r e f .  4 ) .  In  t h i s  case t h e  d e t e r i o r a t i o n  of cond i t ions  led t o  t h e  
disappearance of t h e s e  d i f f e r e n c e s .  There a r e  a l s o  i n d i c a t i o n s  of d i f f e r e n c e s  
i n  longevi ty  among sexes of d i c l i n o u s  p l a n t s .  It i s  q u i t e  poss ib l e  t h a t  we a r e  
d e a l i n g  w i t h  a very gene ra l  b i o l o g i c a l  l a w .  

Without going i n t o  a d e t a i l e d  d i scuss ion  of t h e  l a r g e  amount of m a t e r i a l  
on comparative longevi ty  i n  sexes and i n t o  an a t t e m p t  t o  exp la in  t h i s  phenomerla, 
w e  s h a l l  l i m i t  ou r se lves  t o  only one quest ion:  what i s  t h e  s i t u a t i o n  i n  regard 
t o  t h e  Rubner cons t an t  i n  female and male Drosophila? L e t  us examine the  d a t a  
which have a l r eady  been presented i n  t a b l e  4 .  I n  both cases ,  males l i ved  some- 
what s h o r t e r  than females and a t  the same t i m e  t h e i r  metabol ic  ra te  was higher .  
Of course w e  m u s t  bear  i n  mind that although these  d i f f e r e n c e s  a r e  d i r e c t e d  i n  
t h e  u s u a l  manner, t h e i r  a b s o l u t e  va lue  i s  very small  and not completely r e l i a b l e  
from t h e  s t a t i s t i c a l  point  of view. 
t i o n  of C02 dur ing  t h e  e n t i r e  l i f e  a t  two d i f f e r e n t  temperatures then f o r  f e -  

males w e  have 8.7 and 8.7 mg C02 per  1 mg of l i v i n g  weight and f o r  males we 

Nevertheless i f  we t ake  t h e  t o t a l  produc- /648 
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have 8.2 and 9.2 mg. 
c e l l e n t  coincidence: 8 . 7  mg f o r  females and 8 . 7  mg f o r  males. Thus, on t h e  
b a s i s  of t h e s e  d a t a  w e  can s t a t e  w i t h  a c e r t a i n  amount of conv ic t ion  t h a t  t he  
Rubner constant i s  the same f o r  both sexes of Drosophila. 

Taking the  average of t h e s e  two f i g u r e s  w e  o b t a i n  an ex- 

Sex 

This same ques t ion  i s  covered i n  two works of Gowen ( r e f .  21, 22) .  I n  the 
f i r s t  work t h e  author  i n v e s t i g a t e d  t h e  longevi ty  of females,  males, t r i p l o i d  
females and i n t e r s e x e s  of Drosophila melanogaster.  
t he  l i b e r a t i o n  of C02 by t h e s e  same groups of f l i e s .  

The second work i n v e s t i g a t e d  
Table 5 p r e s e n t s  t h e  

Longevity i n  days 
a t  a temperature 

of 22OC 

b a s i c  resu l t s  of both works. Data on i n t e r s e x e s h a v e  b e e n d e l i b e r a t e l y  l e f t  out 
of t h e  t a b l e  because these f l i e s  a r e  abnormal i n  many r e s p e c t s ,  with decreased 
longevi ty  and i t  would be i n c o r r e c t  t o  compare them w i t h  t h e  res t .  

We can s e e  from t a b l e  5 t h a t  normal and t r i p l o i d  females ( t r i p l o i d  females 
a r e  s i m i l a r  t o  normal females i n  a l l  r e s p e c t s  except t h a t  they a r e  of l a r g e r  
s i z e )  have the same longevi ty  and t h e  same metabol ic  r a t e .  I n  regard t o  the  
males, t h e i r  longevi ty ,  a s  u sua l ,  i s  s h o r t e r  than t h a t  of females.  However, 
t h i s  i s  compensated by a n  inc rease  i n  the  metabol ic  r a t e  and thus  t h e  t o t a l  
production of C02 dur ing  t h e  e n t i r e  l i f e  i s  t h e  same f o r  a l l  t h r e e  groups and 

i s  approximately 4.5 mg of C02. Consequently i n  t h i s  case t h e  r e s u l t s  a r e  i n  

favor  of t he  p ropos i t i on  t h a t  t h e  Rubner constant  i s  the  same f o r  both sexes.  

I f  w e  compare the  t o t a l  production of C02 du r ing  t h e  e n t i r e  l i f e  i n  t a b l e s  

5 and 4 ,  then i t  t u r n s  out t h a t  t h e  q u a n t i t i e s  obtained by Gowen a r e  almost 
ha l f  i n  value of those obtained i n  the  analogous experiments of Shcherbakov 
( r e f .  19). In  p a r t ,  t h i s  can be explained by t h e  f a c t  t h a t  Gowen determined 
longevi ty  a t  22OC and C02 l i b e r a t i o n  a t  20OC, i . e . ,  the 'measured metabol ic  r a t e  

was sma l l e r  than t h a t  of f l i e s  which were used t o  determine longev i ty .  A s  a 
r e s u l t  of t h i s  t h e r e  was a c e r t a i n  dec rease  i n  t h e  product of t h e s e  two quan t i -  
t i es .  Also i n  t h e  experiments of Gowen the  mean longevi ty  was small  which i s  
p a r t i c u l a r l y  w e l l  i l l u s t r a t e d  by comparing d a t a  ( t a b l e  6 )  obtained by v a r i o u s  
i n v e s t i g a t o r s  . 

It i s  possible  t h a t  t he  dec rease  i n  longevi ty  which fol lows from Gowen's 
work w a s  due t o  he red i t a ry  f a c t o r s  inasmuch a s  he d e a l t  w i t h  s e v e r a l  unusual 

TABLE 5 .  THE LONGEVITY AND LIBERATION OF C02 I N  DROSOPHILA MELANOGASTER 

T r i p  l o  i d  
Normal ? 
Normal d 

3 3 . 1  
3 3 . 1  
28.9 
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TABLE 6 .  THE LONGEVITY OF DROSOPHILA MELANOGASTER 

P e a r l  
Shcherbakov 
Shche rba kov 
Gowen 

Author 

25 48.0 45.8 
24 50.4 48.8 
18 78.7 73.1 
22 33.1 28.9 

Longevity i n  days 

Females 

Temperature, 
O C  

l i n e s .  The p e c u l i a r i t y  of a l i n e  c o n s i s t s  of t h e  a b i l i t y  of females t o  form 
d i p l o i d  eggs which a r e  r e spons ib l e  f o r  the o r i g i n  of t r i p l o i d  females and of 
t he  i n t e r s e x e s .  

The conclusions which we have reached concerning t h e  Rubner constant  f o r  /649 
d i f f e r e n t  sexes of Drosophila are a l s o  confirmed f o r  o t h e r  organisms. A s  w e  
have a l r eady  pointed out  above, t h e  smaller  longevi ty  of males compared wi th  
females was discovered i n  Daphnia. MacArthur and B a i l l i e  ( r e f .  4 )  showed s i -  
multaneously t h a t  males have a higher  metabolic r a t e  and t h a t  t h e  product of 
both q u a n t i t i e s  i s  t h e  same i n  the  d i f f e r e n t  sexes. The same s i t u a t i o n  e x i s t s  
i n  man where s h o r t e r  longevi ty  of men i s  compensated by a more i n t e n s e  meta- 
b o l i c  rate.  

Conclusions 

Summarizing what we have presented above concerning t h e  longevi ty  and m e t -  
a b o l i c  r a t e  i n  Drosophila melanogaster,  w e  can s t a t e  t h a t  a l l  d a t a  a t  our d i s -  
posa l  a t  t h i s  time are i n  agreement with t h e  t h e o r e t i c a l  p ropos i t i ons  presented 
by Rubner and developed subsequently by E. S. Bauer. 

The va lue  of t h e  Rubner constant  f o r  normal (wild) Drosophila melanogaster 
i s  approximately equal  t o  8 . 7  mg C02, i f  we  compute t h e  metabol ic  r a t e  p e r  u n i t  

mi l l i g ram of l i v i n g  weight.  This corresponds t o  2 . 5 ~ 1 0 ~  c a l  f o r  1 kg of l i v i n g  
weight ,  assuming t n a t  RQ=0.85. 

The va lue  of t h e  Rubner constant  may vary wi th  t h e  h e r e d i t a r y  c o n s t i t u t i o n  
of f l i e s .  An example of t h i s  i s  the  v e s t i g i a l  mutation i n  which the  longevi ty  
i s  less while  t he  metabol ic  r a t e  i s  not h ighe r  and most probably i s  lower than  
t h a t  of normal f l i e s .  

From t h e  f a c t  t h a t  t he  constant  i s  t h e  same a t  d i f f e r e n t  temperatures 
( t a b l e  4) i t  fo l lows  t h a t  w i t h i n  the  l i m i t s  of t h e  known temperature i n t e r v a l  
(phys io log ica l  l i m i t s ? )  longevi ty  i s  inve r se ly  p ropor t iona l  t o  t h e  metabol ic  
ra te  when a l l  o t h e r  cond i t ions  a r e  equal. 

The d i f f e r e n c e s  i n  the  longevi ty  of females and males a r e  a s s o c i a t e d  with 
t h e  d i f f e r e n c e  i n  t h e  metabol ic  r a t e  only when t h e  l a t t e r  i s  of a n  inve r se  or- 
d e r .  Therefore ,  t h e  Rubner constant  t u r n s  out  t o  be t h e  same f o r  both sexes.  
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There i s  s u b s t a n t i a l  b a s i s  t o  assume t h a t  t h i s  i s  only a p a r t i c u l a r  ca se  of a 
law which i s  v a l i d  f o r  a very l a rge  number of organisms. 
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